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Fuel weight % Ty Bg/g BglRIG
INSULATOR SHIM
TUBE NEST (PLIORN component at launch (years)
PG

WPy 0.000001 2.851 2.0x 109 2.2x 10"
FUEL PELLET . 2Py 70.810000 87.750 3.6 x 10" 4.8 x 10%°
(238py0,) - \ \g“ggm 2Py 12.859000 24131.000 2.3 x 1099 3.2 % 1012

0Py 1787000 6569.000 8.4 x 109 1.6 x 1012
2Py 0.168000 14.400 3.8x 102 6.9 x 103
H2py 0.111000 375800.000 1.5 x 109 1.8 % 10™
other  2.413000
Oxygen 11.852000 NA NA

total 100 NA NA 4.9x 10"

INSULATOR
PLUG (PG)




Voyager 2

US Radioisotope Missions 5

Used safely on 25 missions since 1961 (3 missions aborted) Neptune ‘,
» 8 RTG Earth Orbit missions (Transit, Nimbus, LES) ’

* 7 RTG planetary missions (Pioneer, Voyager, Ulysses, Galileo, Cassini)

* 5 RTG moon missions (Apollo ALSEP)

* 2 RTG Mars missions (Viking 1&2) Uranus '
‘tseo; )+ RHUs used on Apollo 11, Mars Pathfinder & MERs among others /

—a

Voyager 1
Saturn (1977)

Apollo 11 (1969) <+

Apollo/ALSEP (5) (1969-1972)  Cassini
(1997)
-

Pioneer 11
(1973)

Pioneer 10
(1972)

T it4B
r(irz)sel” 2 - Viking 1&2 (1975)
/\ N , : (1976)  pars Pathfinder (1996)

Transit 3

5BN-1 Transit Transit MER (2003)

i
< S -01-1
(1963) 5BN.2 Nimbus Il Triad-0 X

( 1972)
(1963) (1969) ( )

Information and slide: NASA Distances & Planets Are Not to Scale










1. Outer protective canister

2. Composite protective canisier
3. Radioactive heat source (RHS)
4. RHS protective shell

5. RHS capsule

6. Pu,O pellet (15-17 grams)

7. Spring

Power output: 8.5 waits
Mass: 180 grams
Height 60 mm
Diameter 40 mm




28 Py,
mass fraction
(not less)
isotope mass fractions:
238 py,
210 p,,
240 py,
21 p,
242 py,

spec. TY 95 11-82
Mark A Mark B

67 59

spec. TT45.T.238-93

74

TPy
mass fraction
(not less)

2x 104 of 2Py 3x 1075 of B8Py

mass fraction
of Pu isotope
oxides
(not less)

mass fraction
of actinide

impurities in

% of Pu total mass

(not more)

neutron flux

of a preparation

containing 1g

238 py, oL

(not more)

1. Metal Housing
2. Heat Insulation
3 RTH

4. Bracket

5. RTH Holder

Power output:

6. Thermoelectric
Converter

7. Excess heat sink

£, Mounting Bolis

9, Power Socket

0.25 walts
0.555kg
125 mm
85 mm
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Surface
Power /
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Legend :

-NEP: Nuclear Electric Propulsion
-LM/HPR: Liquid M etal/Heat Pipes Reactor
-GCR: Gas Cooled Reactor

-TE: Thermoelectricity

-MHD LM: MHG liquid metal

-MHD G: MHD gas (cold plasma)

Aurora Mission Launch Dates

1 i I

2005 2006 007“03 2009 ’201002011.2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2081 2032 2033
Feasibility Studes and experimerts

Raacior Design

A )

|
[Grvales ana basic esearch |
I

ipolniczl decision points|

liqud el coded cars:
935 coded care

comersion tachnology

technical decision poimr

Technology Azsewament launch

radake I

conmective cddsace
sHstarg

political decisiofh points

heatpipes.
heat plps cors breacbaard

Non-nuchkar shernatives

hssessment of RUVS coop Passibilifes) [

Reactor Ground Pratatype
rslivinary detriton
detalied dezign
prodctcn
wate

space protatype
flight models

*®
:
'

Irtegrated System
Dermora¥aton Breacnard v ucloar)

Electric Propusion System*
2 quiliicaton 10KA Pruske
dewsioprinn & Quill1caton A Feusky
Seusioprian & quallicaton 100KA MPD

Safety
Satety analysis
rsivinary za% ropar
pressional sakty report
Al 23ty ripont iroud)
Al sakety roport Jaunh)

Noclear Regdatory Aspects

Legal & reguatory processes
rxicar

> Regulatory Aspects

Electrical Power Processing
S92 & Pro-eestcernen of i pewsr pant
Yackirgregaake s Mars surtice
543, cesicpment & 11 of pawsy processing

TRLS for Wars Sample Reaum Uisslon -t

- TRLS for futconade Wars Wission

% & Pre-eusicernn o pamke processing z
clecHcs o Mars clocHic propadsicn TRLS for Autconade Wars Wissicn

003y & Preevsicprnent of powsr dstibuton
canceuts for marned Mars base sutare

* altematue cpdcns , acalls In Elecatc Propulzicn

TRL2  TRL3 TRLY TRLS RL TRL RL

Cesa S









Motivation
Definition of Needs ( DoD ) NASA ( DoE ) Industry
Requirement Input ~— ~—

Political / Strategic </Executive Office of the Presideﬁ>
Decision \Oﬁice of Scientific and Technical PoIicy/

( DoE: n)clear Industry
. 4
NASA: non-nuclear

Development

1Q_::tliirf‘i:ation and (F) EPA | : Other agencies |
Launch DoE NASA ( DoD Users ( DoD ) NASA
N

Approval EOP

@:esa



